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Introduction {#jah31259-sec-0004}
============

Coronary heart disease (CHD) is the leading cause of death worldwide and accounted for 7 million deaths in 2010.[1](#jah31259-bib-0001){ref-type="ref"} The types of dietary fats consumed play an important role in CHD risk, representing key modifiable risk factors.[2](#jah31259-bib-0002){ref-type="ref"} In particular, higher intakes of trans fat (TFA)[3](#jah31259-bib-0003){ref-type="ref"} and of saturated fat (SFA) replacing ω‐6 (n‐6) polyunsaturated fat (PUFA) are associated with increased CHD,[4](#jah31259-bib-0004){ref-type="ref"}, [5](#jah31259-bib-0005){ref-type="ref"} whereas higher intake of PUFA replacing either SFA or carbohydrate is associated with lower risk.[6](#jah31259-bib-0006){ref-type="ref"}

Considerable heterogeneity is evident in intakes of these dietary fats[7](#jah31259-bib-0007){ref-type="ref"} and in CHD mortality rates[1](#jah31259-bib-0001){ref-type="ref"} globally; however, differences in CHD mortality attributable to nonoptimal intakes of SFA, n‐6 PUFA, and TFA by country, age, and sex are not well established. Furthermore, whereas dietary intakes and CHD rates have changed substantially in recent decades, the regional and country‐level trends in these burdens have not been evaluated in detail. This may be especially relevant for dietary linoleic acid, the predominant n‐6 PUFA, which appears to have similar CHD benefits whether replacing SFA or carbohydrates.[6](#jah31259-bib-0006){ref-type="ref"} No prior study has investigated global CHD deaths attributable to higher SFA, insufficient n‐6 PUFA, and higher TFA consumption.

To address these gaps, we used a comparative risk assessment framework to quantify CHD mortality due to nonoptimal intakes of n‐6 PUFA, SFA, and TFA in 186 countries in 1990 and 2010 by age and sex.

Methods {#jah31259-sec-0005}
=======

Study Design {#jah31259-sec-0006}
------------

To quantify CHD burdens attributable to each dietary fat, we used established methods[8](#jah31259-bib-0008){ref-type="ref"} to collect data on (1) population distributions of dietary n‐6 PUFA, SFA, and TFA in 1990 and 2010 by country, age, and sex; (2) age‐specific etiologic effects of these fats on CHD mortality; (3) optimal population intakes of these fats; and (4) total numbers of CHD deaths in 1990 and 2010 by country, age, and sex. These inputs and their uncertainty were incorporated into a comparative risk assessment framework to estimate the proportional and absolute CHD mortality attributable to each dietary fat.

Selection of Dietary Fats {#jah31259-sec-0007}
-------------------------

We evaluated 3 dietary fats with probable or convincing evidence for etiologic effects on CHD mortality: insufficient n‐6 PUFA (replacing either SFA or carbohydrates), higher SFA (replacing n‐6 PUFA), and higher TFA (replacing other fats). These dietary factors were selected based on described criteria.[2](#jah31259-bib-0002){ref-type="ref"} We did not include seafood ω‐3 PUFA because of its distinct food sources and mechanistic pathways or plant ω‐3 PUFA or total monounsaturated fat (MUFA) because of promising but not yet probable or convincing evidence for causal effects on CHD.[9](#jah31259-bib-0009){ref-type="ref"}, [10](#jah31259-bib-0010){ref-type="ref"} Our findings for PUFA reflect the estimated CHD burdens related to nonoptimal n‐6 PUFA, not total or ω‐3 PUFA.

Dietary Consumption of Fats {#jah31259-sec-0008}
---------------------------

Our methods for estimating intakes of key dietary factors globally have been described.[7](#jah31259-bib-0007){ref-type="ref"}, [11](#jah31259-bib-0011){ref-type="ref"}, [12](#jah31259-bib-0012){ref-type="ref"} Briefly, we systematically searched, identified, and compiled data from nationally representative dietary surveys, large subnational surveys (if national surveys were not available), United Nations food balance sheets, and (for TFA) industry sales data on fats/oils and packaged food to estimate age, sex, and country‐specific intakes of n‐6 PUFA, SFA and TFA among adults in 1990 and 2010 (Table [1](#jah31259-tbl-0001){ref-type="table-wrap"}). Dietary fat consumption data and their corresponding uncertainty were incorporated into a Bayesian hierarchical model to estimate the mean intake levels and corresponding statistical uncertainty for each age, sex, country, and year stratum, accounting for differences in dietary data, survey methods, representativeness, and sampling and modeling uncertainty.[2](#jah31259-bib-0002){ref-type="ref"} The final model estimated dietary SFA, n‐6 PUFA, and TFA in 24 age and sex subgroups (men and women across 12 age categories from 25--30 to ≥80 years) within 186 countries (those with year 2000 population \>50 000^2^) in 1990 and 2010, representing 3.8 billion adults across 21 world regions.

###### 

Data Sources, Modeling Approaches, and Validation Methods Used to Estimate Adult Dietary Fat Levels and Their Effects on CHD by Country, Age and Sex

  Dietary Fats                                                                                                                                 Data Sources                                                                                                                                                                                                                                                                                                                                                                                                                         Statistical Methods Used for Pooling and Modeling Data From Diverse Global Sources                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  -------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Dietary Fat consumption by country, age, and sex[2](#jah31259-bib-0002){ref-type="ref"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
   n‐6 PUFA consumption                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    DisMod3, a Bayesian hierarchical method, was used to pool data from multiple sources and model missing data using informative time‐varying covariates, borrowing information across geographical region and time period while also incorporating uncertainty due to measurement error and model specification. Models were fit using a randomized MCMC algorithm based on the Adaptive Metropolis step function.   Both study‐specific and national‐level covariates were incorporated in the model. Study‐level covariates included information on national representativeness of data points and sex. Country‐level covariates were used to inform global and country‐level trend prediction by the model. These nation‐level covariates were based on FAO food balance sheets which capture a country\'s net annual food availability based on reported local production, imports and exports. We used factor analysis to reduce 22 FAO food items representing the majority of food available for human consumption in 186 countries into 4 factor variables which were included in the model in improve country‐level predictions. In addition, we included lag‐distributed GDP per capita as a model covariate   Models were assessed for convergence of Markov chain Monte Carlo iterations. DisMod3 was validated using goodness‐of‐fit tests and out‐of‐sample predictive validity tests, in which 10% to 20% of data were held‐out of the model. Qualitative evaluation for dietary fats was conducted by comparing the estimated dietary fats with known high‐quality data and assessing their face validity through the contact with country experts.
   Total n‐6 fatty acid intake from all dietary sources (primarily liquid vegetable oils, including soybean oil, corn oil and safflower oil)   A total of 51 surveys (34.6% from multiple dietary recall/record surveys corrected for within‐person variation, 22.6% from food frequency questionnaires, and 42.8% from single dietary recall/record surveys) with 1069 age‐ and sex‐specific data points, 85% nationally representative, were collected from 32 countries and represented 47% of the world\'s adult population.                                                    Calculated n‐6 PUFA intake (derived from FAO data on cottonseed oil, rape/mustard seed oil, soybean oil, sesame seed oil, rice bran oil, sunflower seed oil, maize germ oil, and groundnut oil) consumed per capita per day in 186 countries in each year 1990--2010                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
   SFA consumption                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
   Total SFA intake from all dietary sources (primarily meat and dairy products and tropical oils)                                             A total of 75 surveys (35.6% from multiple dietary recall/record surveys corrected for within‐person variation, 24.4% from food frequency questionnaires, and 40.0% from single dietary recall/record surveys) with 1363 age‐ and sex‐specific data points, 82% nationally representative, were collected from 47 countries and represented 70% of the world\'s adult population.                                                    Calculated SFA intake (derived from FAO data on coconuts, palm kernel oil, palm oil, coconut oil, butter/ghee, and cream) consumed per capita per day in 186 countries in each year 1990--2010[c](#jah31259-note-0005){ref-type="fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
   TFA consumption                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
   Total TFA intake from all dietary sources (primarily partially hydrogenated vegetables oils and ruminant products)                          A total of 56 surveys (39.4% from multiple dietary recall/record surveys corrected for within‐person variation, 23.4% from food frequency questionnaires, 33.8% from single dietary recall/record surveys, and 2.4% from household availability/budget survey) with 411 age‐ and sex‐specific data points, 90.5% nationally representative, were collected from 23 countries and represented 19% of the world\'s adult population.   Calculated hydrogenated oil net ratio (the ratio of FAO data on hydrogenated oil to total oil crops) in 186 countries in each year 1990--2010[d](#jah31259-note-0006){ref-type="fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Relative risks by age and sex                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
   Effects of PUFA replacing SFA on CHD[6](#jah31259-bib-0006){ref-type="ref"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
   Published Meta‐Analysis of Cohort Studies on Linoleic Acid and Coronary Heart Disease                                                       Data were from 10 cohort studies in North America and Europe composing a total of 310 602 participants, 12 479 coronary events and 5882 coronary deaths.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       Effect modification by race/ethnicity and sex were assessed but were not found to be statistically significant.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Trends in age‐specific relative risks from pooled analyses were compared with trends in original cohort data to ensure validity of pooled results. The I2 test did not reveal significant heterogeneity between studies for any age group.
   Effects of TFA on CHD[20](#jah31259-bib-0020){ref-type="ref"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
   Published Meta‐Analysis of Prospective Cohort Studies                                                                                       Data were from 4 cohort studies in America and Europe composing a total of 139 836 participants and 4965 coronary events.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   The relative risks from the pooling projects and the meta‐analysis were interpolated and extrapolated into standard age groups using log‐linear models. Age‐specific relative risks were pooled using random‐effects models.                                                                                                                                                                                       Effect modification by race/ethnicity and sex were assessed but were not found to be statistically significant.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     Trends in age‐specific relative risks from pooled analyses were compared with trends in original cohort data to ensure validity of pooled results. The I2 test did not reveal significant heterogeneity between studies for any age group.
  Cause‐specific total mortality by country, age, and sex[1](#jah31259-bib-0001){ref-type="ref"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
   Vital registration with medical certification of cause of death                                                                             Data represented 2798 site‐years from 130 countries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Cause of Death Ensemble Modeling (CODEm), a modeling strategy encompassing 4 families of statistical models, was used to pools mortality data from diverse sources, aggregate deaths hierarchically and capture uncertainty due to model parameter estimation, model specification, and fundamental sources of error.                                                                                              Covariates were selected from a database of mortality predictors based on the cause of death being modeled. Covariates were tested for predictive ability prior to inclusion in a given model.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Models were validated using out‐of‐sample predictive validity tests in which 30% of data were withheld from initial model fits. Predicted trends were then compared against trends in the existing held‐out data.
   Verbal autopsy (sample registration, demographic surveillance systems)                                                                      Data represented 486 site‐years from 66 countries, 10% nationally representative                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
   Cancer registries                                                                                                                           Data represented 2715 site‐years from 93 countries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
   Survey/census data                                                                                                                          Data were from 56 national surveys                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
   Sibling history                                                                                                                             Data represented 1557 survey‐years from 61 countries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
   Burial/mortuary data                                                                                                                        Data represented 32 site‐years from 11 countries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
   Hospital records                                                                                                                            Data represented 21 site‐years                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
   Police records                                                                                                                              Data represented 1129 site‐years from 122 countries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

These primary data were used to compute CHD mortality attributable to different dietary fat consumption by age, sex, and country in 2010 and 1990. CHD indicates coronary heart disease; FAO, United Nations Food and Agriculture Organization; GDP, gross domestic product; MCMC, Markov Chain Monte Carlo; n‐6, ω‐6; PUFA, polyunsaturated fat; SFA, saturated fat; TFA, trans fat.

For each individual survey, we obtained and assessed information about survey methods and population characteristics, and extracted or (in most cases) obtained data directly from the survey authors for dietary intakes by age, sex, and time

The country level dietary fat intakes were collected from the FAO annual food disappearance balance sheets for the 186 countries from 1990 to 2010.

The FAO‐based estimate of SFA availability was based on tropical fats/oils, which could lead to underestimation of estimated intake in regions with missing data but in which meat and dairy intake are high; however, individual‐level survey data were available in most regions, minimizing such potential underestimation.

For TFA intake, the hydrogenated oil net ratio corresponded to the net amount of hydrogenated oils available for consumption in each country‐year. Using the FAO data, the numerator of this ratio was calculated based on exported hydrogenated oil (in kcal per capita) and exported oil crops (in kcal per capita) through space‐time with lag‐distributed income as a covariates. The denominator was calculated by adding import values to production values minus the export values, and then applying to the space‐time model. In addition, TFA intake information was also obtained from Euromonitor using total fats/oils sold (per capita) via retail and total packaged foods sold (per capita) via retail.

Etiologic Effects of Dietary Fats on CHD Mortality {#jah31259-sec-0009}
--------------------------------------------------

Etiologic effects of nonoptimal intakes of these dietary fats on CHD mortality were evaluated, as described previously.[2](#jah31259-bib-0002){ref-type="ref"}, [11](#jah31259-bib-0011){ref-type="ref"}, [13](#jah31259-bib-0013){ref-type="ref"} The relative risk (RR) and its uncertainty for each dietary fat were obtained from published meta‐analyses of prospective cohort studies including multivariable adjustment for age, sex, other cardiovascular risk factors, and often other dietary factors (Tables [1](#jah31259-tbl-0001){ref-type="table-wrap"} and [2](#jah31259-tbl-0002){ref-type="table-wrap"}).[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"}, [14](#jah31259-bib-0014){ref-type="ref"}, [15](#jah31259-bib-0015){ref-type="ref"}, [16](#jah31259-bib-0016){ref-type="ref"}, [17](#jah31259-bib-0017){ref-type="ref"}, [18](#jah31259-bib-0018){ref-type="ref"}, [19](#jah31259-bib-0019){ref-type="ref"}, [20](#jah31259-bib-0020){ref-type="ref"} These RRs represent the best causal estimates for effects of each dietary fat on CHD mortality. Based on these findings, we evaluated the impact of insufficient n‐6 PUFA as an isocaloric replacement for either SFA or carbohydrate, excess SFA as an isocaloric replacement for n‐6 PUFA, and excess TFA as an isocaloric replacement for other fats (equivalent thirds of SFA, MUFA, and PUFA). Notably, depending on levels of SFA and n‐6 PUFA consumption within any age, sex, and country stratum, the CHD burden attributable to insufficient n‐6 PUFA will nearly always include the CHD burden of excess SFA consumption but not vice versa. In sensitivity analyses, we assumed that benefits of reducing SFA also extended to replacement with MUFA, although evidence linking total MUFA to CHD mortality is not well‐established.[4](#jah31259-bib-0004){ref-type="ref"}, [10](#jah31259-bib-0010){ref-type="ref"} We did not include potential effects on other cardiac, vascular, or other chronic diseases due to insufficient evidence for causal effects. Emerging evidence suggests, for instance, that SFA may protect against stroke,[21](#jah31259-bib-0021){ref-type="ref"} certain TFA isomers may increase risk of sudden death and diabetes,[3](#jah31259-bib-0003){ref-type="ref"} and n‐6 PUFA may protect against these end points.[22](#jah31259-bib-0022){ref-type="ref"} These end points can be reevaluated in future analyses, as more evidence becomes available.

###### 

Sources and Magnitudes of the Optimal Levels and Effects of Nonoptimal Intakes of SFA, n‐6 PUFA and TFA on CHD

  Risk Factor                                                           Outcome                                             Optimal Level                                Source of Relative Risk                                                               Unit of Relative Risk       Sex    Age, y   Relative Risk[a](#jah31259-note-0008){ref-type="fn"}   95% CI
  --------------------------------------------------------------------- --------------------------------------------------- -------------------------------------------- ------------------------------------------------------------------------------------- --------------------------- ------ -------- ------------------------------------------------------ ------------
  Higher SFA intake[b](#jah31259-note-0009){ref-type="fn"}              CHD Deaths                                          10%E±1% (7%E±0.7% in sensitivity analysis)   Published meta‐analysis of 10 cohort studies[6](#jah31259-bib-0006){ref-type="ref"}   Per 5% of energy increase   Both   25--34   1.19                                                   1.09--1.30
  35--44                                                                1.18                                                1.08--1.28                                                                                                                                                                                                                            
  45--54\*                                                              1.15\*                                              1.07--1.23\*                                                                                                                                                                                                                          
  55--64                                                                1.12                                                1.06--1.19                                                                                                                                                                                                                            
  65--74                                                                1.10                                                1.05--1.16                                                                                                                                                                                                                            
  75+                                                                   1.08                                                1.04--1.12                                                                                                                                                                                                                            
  Insufficient n‐6 PUFA intake[c](#jah31259-note-0010){ref-type="fn"}   CHD Deaths                                          12%E±1.2%                                    Published meta‐analysis of 10 cohort studies[6](#jah31259-bib-0006){ref-type="ref"}   Per 5% of energy increase   Both   25--34   0.84                                                   0.77--0.92
  35--44                                                                0.85                                                0.78--0.92                                                                                                                                                                                                                            
  45--54\*                                                              0.87\*^,^ [d](#jah31259-note-0011){ref-type="fn"}   0.81--0.93\*                                                                                                                                                                                                                          
  55--64                                                                0.89                                                0.84--0.95                                                                                                                                                                                                                            
  65--74                                                                0.91                                                0.87--0.95                                                                                                                                                                                                                            
  ≥75                                                                   0.93                                                0.90--0.96                                                                                                                                                                                                                            
  Higher TFA consumption[e](#jah31259-note-0012){ref-type="fn"}         CHD Deaths                                          0.5%E±0.05%                                  Published meta‐analysis of 4 cohort studies[20](#jah31259-bib-0020){ref-type="ref"}   Per 2% of energy increase   Both   25--34   1.42                                                   1.28--1.57
  35--44                                                                1.40                                                1.27--1.54                                                                                                                                                                                                                            
  45--54                                                                1.33                                                1.22--1.45                                                                                                                                                                                                                            
  55--64\*                                                              1.27\*                                              1.18--1.36\*                                                                                                                                                                                                                          
  65--74                                                                1.22                                                1.15--1.29                                                                                                                                                                                                                            
  ≥75                                                                   1.16                                                1.11--1.21                                                                                                                                                                                                                            

%E indicates percentage of total energy intake; CHD, ischemic heart disease; LA, linoleic acid; n‐6 PUFA, ω‐6 polyunsaturated fat; SFA, saturated fat; TFA, trans fat.

The bold relative risks corresponded to the original relative risk in the meta‐analysis (for TFA, the original relative risk was determined by subtraction of the summary coefficients for TFA replacing carbohydrates derived from the Nurses Health Study, the Health Professional Follow‐up Study, the Finnish ATBC study and the Zutphen Elderly Study and the coefficients for other dietary fats replacing carbohydrates derived from the Nurses Health Study and the Health Professional Follow‐up Study). The relative risks of other age groups were extrapolated based on a log‐linear relationship derived from metabolic risk factors (Singh et al[23](#jah31259-bib-0023){ref-type="ref"}).

Higher SFA intake defined as higher SFA (\>10%E) intake replacing n‐6 PUFA (\<12%E) intake.

Insufficient n‐6 PUFA intake defined as lower n‐6 PUFA (\<12%E) intake replacing either carbohydrates or SFA.

Although potential harms of high n‐6 PUFA consumption have been theorized,[14](#jah31259-bib-0014){ref-type="ref"}, [15](#jah31259-bib-0015){ref-type="ref"}, [16](#jah31259-bib-0016){ref-type="ref"} randomized controlled trials demonstrate no evidence linking dietary LA to increased levels of inflammation.[17](#jah31259-bib-0017){ref-type="ref"} LA improves all major lipid and lipoprotein risk factors[18](#jah31259-bib-0018){ref-type="ref"} and both total n‐6 PUFA and LA are associated with lower risk of clinical CHD events.[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"} Indeed, higher blood biomarker levels of arachidonic acid, the prototypical n‐6 PUFA considered to be harmful, are actually linked to significantly lower risk of CHD.[19](#jah31259-bib-0019){ref-type="ref"} Thus, the American Heart Association, US Dietary Guidelines Advisory Committee, and United Nations have each concluded that higher LA consumption is beneficial for health.[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"}, [19](#jah31259-bib-0019){ref-type="ref"} In observational cohorts and controlled trials of clinical events, levels of dietary LA linked to lower risk range from ≈7%E to 10%E and 9%E to 30%E, respectively.

Higher TFA consumption defined as higher TFA (\>0.5%E) intake replacing SFA or n‐6 PUFA or monounsaturated fats.

Based on our prior work, proportional effects of dietary factors on CHD mortality were generally similar by sex,[5](#jah31259-bib-0005){ref-type="ref"} thus we assumed no heterogeneity in RRs by sex. Conversely, proportional effects (RRs) of major CHD risk factors decline with age in an approximately log‐linear relationship[23](#jah31259-bib-0023){ref-type="ref"}; we applied this age‐varying RR pattern to distributions of RRs for dietary fats. We did not identify sufficient evidence for effect modification by other factors, such as total diet quality or obesity.

Optimal Intake Distribution of Dietary Fats {#jah31259-sec-0010}
-------------------------------------------

Optimal intakes of each dietary fat were determined using reported methods,[11](#jah31259-bib-0011){ref-type="ref"}, [13](#jah31259-bib-0013){ref-type="ref"} based on (1) observed levels associated with lowest CHD mortality in meta‐analyses, (2) observed highest (for n‐6 PUFA) or lowest (for SFA and TFA) consumption levels in at least 2 to 3 countries globally, and (3) general consistency with national and international dietary guidelines.[24](#jah31259-bib-0024){ref-type="ref"}, [25](#jah31259-bib-0025){ref-type="ref"} Using these methods, we identified optimal intake levels of 12%E (percentage of total energy intake) for n‐6 PUFA, 10%E for SFA, and 0.5%E for TFA. For n‐6 PUFA and SFA (Table [2](#jah31259-tbl-0002){ref-type="table-wrap"}), we recognized that optimal intakes were further dependent on the replacement nutrient: Benefits of reducing SFA were considered only when replaced by n‐6 PUFA (up to 12%E), and benefits of increasing n‐6 PUFA were considered only when replacing SFA (down to 10%E) or carbohydrate.[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"}, [10](#jah31259-bib-0010){ref-type="ref"} For each fat, we assumed no additional health benefits accrued beyond the optimal intake level and nutrient replacement scenario within each age, sex, and country stratum. In sensitivity analyses, we evaluated potential harms of SFA down to an optimal intake level of 7%E.

CHD Deaths by Country, Age, and Sex {#jah31259-sec-0011}
-----------------------------------

Data on country‐, age‐, and sex‐specific CHD mortalities were obtained from the 2010 Global Burden of Diseases study.[1](#jah31259-bib-0001){ref-type="ref"} Briefly, causes of death were collected in 186 countries from 1980 to 2010 based on vital registration, verbal autopsy, mortality surveillance, population census, surveys, hospital and police records, and mortuaries; completeness, diagnostic accuracy, missing data, stochastic variations, and probable cause of death were assessed (Table [1](#jah31259-tbl-0001){ref-type="table-wrap"}). CHD mortality was estimated using statistical modeling strategies including different permutations of covariates. Model performance was assessed with rigorous out‐of‐sample testing of prediction error and the validity of the 95% uncertainty interval (UI). CHD death was defined as International Classification of Diseases, 10th revision, codes I20--I25.

Statistical Analysis {#jah31259-sec-0012}
--------------------

The population‐attributable fraction (PAF) due to nonoptimal intakes of dietary fat was calculated using the following equation:$$\text{PAFi} = \frac{\int_{x = 0}^{m}\text{RRi}{(x)}\text{Pi}{(x)}\text{dx} - {\int_{x = 0}^{m}\text{RRi}{(x)}P^{\prime}i{(x)}\text{dx}}}{\int_{x = 0}^{m}\text{RRi}{(x)}\text{Pi}{(x)}\text{dx}}$$PAFi is a age‐, sex‐ and country‐specific population attributable fraction; x is the level of dietary fat; Pi(x) is the age‐, sex‐, and country‐specific actual distribution of dietary fat; P′i(x) is the age‐ and sex‐specific optimal distribution of dietary fat; RRi(x) is the age‐ and sex‐specific multivariable‐adjusted RR of mortality at level x; and m is the optimal level of dietary fat.

The age‐, sex‐, and country‐specific absolute CHD mortality attributable to each dietary fat was quantified by multiplying the age‐, sex‐, and country‐specific PAFi by the total CHD deaths in the corresponding stratum. Absolute attributable mortalities were summed across strata to estimate national, regional, and global absolute burdens, and divided by total CHD deaths within these strata for corresponding proportional burdens. To evaluate changes between 1990 and 2010, attributable CHD mortalities in 1990 were age‐standardized to 2010 nation‐specific age distributions. Statistical uncertainty was quantified using the Markov chain Monte Carlo algorithm, drawing randomly 1000 times from the 95% uncertainty distributions of the estimated dietary fat intake, its etiologic effect on CHD (RR), and total CHD mortality within each age, sex, and country stratum. The central PAF was derived from the mean value of these 1000 estimations, and its 95% UI was derived from the 2.5th and 97.5th percentiles. All analyses were performed using R software version 3.0.2 (R Foundation for Statistical Computing).

The study obtained institutional review board approval and informed consent from participants. The paper was also approved by an institutional review committee.

Results {#jah31259-sec-0013}
=======

Detailed findings on dietary n‐6 PUFA, SFA, and TFA by age, sex, country, and region in 1990 and 2010 have been reported[7](#jah31259-bib-0007){ref-type="ref"} (Tables [3](#jah31259-tbl-0003){ref-type="table-wrap"}, [4](#jah31259-tbl-0004){ref-type="table-wrap"}, S1, and S2). In 2010, national mean intakes across 186 nations ranged from 1.2%E to 12.5%E for n‐6 PUFA, 2.3%E to 27.5%E for SFA, and 0.2%E to 6.5%E for TFA.

###### 

Global and Regional CHD Mortality Attributable to SFA, n‐6PUFA, and TFA in 2010

                             Population (Millions)   Total CHD Deaths (Thousands)   Mean Dietary Consumption (95% UI)[a](#jah31259-note-0014){ref-type="fn"}   Attributable CHD Deaths/Year (Thousands) (95% UI)   Attributable CHD Deaths/Year Per Million Adults (95% UI)   Proportional Attributable CHD Deaths (% of Total CHD Deaths) (95% UI)                                                                                                                                            
  -------------------------- ----------------------- ------------------------------ -------------------------------------------------------------------------- --------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------------------- ---------------------- ---------------------- ---------------- ------------------- ---------------- ---------------- ------------------- -------------------
  Global                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
   Both sexes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Age 25--69, y              3460                    2366                           9.3 (9.3--9.4)                                                             6.0 (5.9--6.0)                                      1.4 (1.4--1.4)                                             103.2 (97.2--109.7)                                                     316.4 (296.9--337.9)   244.0 (234.1--253.6)   30 (28--32)      91 (86--98)         71 (68--73)      4.4 (4.2--4.5)   13.4 (12.9--13.8)   10.3 (10.1--10.5)
  Age ≥70, y                 348                     4566                           9.9 (9.8--10.1)                                                            5.9 (5.8--6.0)                                      1.3 (1.3--1.3)                                             147.7 (136.1--161.0)                                                    395.3 (369.9--423.7)   293.1 (275.9--311.3)   425 (391--463)   1137 (1064--1219)   843 (794--896)   3.2 (3.1--3.4)   8.7 (8.2--9.1)      6.4 (6.2--6.7)
  All ages, y                3808                    6933                           9.4 (9.0--9.7)                                                             6.0 (5.6--6.3)                                      1.4 (1.3--1.5)                                             250.9 (236.9--265.8)                                                    711.8 (680.7--745.0)   537.2 (517.6--557.0)   66 (62--70)      187 (179--196)      141 (136--146)   3.6 (3.5--3.7)   10.3 (9.9--10.6)    7.7 (7.6--7.9)
   Female                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Age 25--69, y              1723                    730                            9.5 (9.4--9.6)                                                             6.0 (5.9--6.1)                                      1.4 (1.4--1.4)                                             31.0 (28.7--33.6)                                                       95.1 (86.6--104.5)     77.6 (72.5--82.6)      18 (17--20)      55 (50--61)         45 (42--48)      4.2 (4.0--4.4)   13.0 (12.4--13.6)   10.6 (10.3--11.0)
  Age ≥70, y                 200                     2515                           10.2 (10.1--10.4)                                                          6.0 (5.8--6.1)                                      1.3 (1.3--1.3)                                             85.6 (75.0--97.4)                                                       210.9 (191.2--231.8)   159.0 (144.7--174.0)   428 (375--488)   1055 (956--1160)    796 (724--871)   3.4 (3.1--3.7)   8.4 (7.8--9.0)      6.3 (5.9--6.7)
  All ages, y                1923                    3247                           9.6 (9.1--10.1)                                                            6.0 (5.5--6.5)                                      1.4 (1.3--1.5)                                             116.6 (105.6--129.1)                                                    306.0 (284.3--329.3)   236.6 (221.5--252.0)   61 (55--67)      159 (148--171)      123 (115--131)   3.6 (3.4--3.8)   9.4 (9.0--9.8)      7.3 (7.1--7.5)
   Male                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Age 25--69, y              1737                    1637                           9.2 (9.1--9.2)                                                             5.9 (5.8--6.0)                                      1.4 (1.4--1.4)                                             72.1 (67.0--78.2)                                                       221.4 (204.8--240.0)   166.4 (158.2--174.6)   42 (39--45)      127 (118--138)      96 (91--101)     4.4 (4.2--4.6)   13.5 (12.9--14.2)   10.2 (9.8--10.5)
  Age ≥70, y                 148                     2049                           9.6 (9.5--9.7)                                                             5.8 (5.7--6.0)                                      1.3 (1.3--1.3)                                             62.1 (56.7--68.1)                                                       184.4 (169.8--201.9)   134.1 (125.5--143.6)   421 (384--461)   1249 (1150--1367)   908 (850--972)   3.0 (2.8--3.3)   9.0 (8.3--9.7)      6.5 (6.2--6.9)
  All ages, y                1884                    3687                           9.2 (8.7--9.7)                                                             5.9 (5.4--6.4)                                      1.4 (1.2--1.5)                                             134.3 (126.4--142.1)                                                    405.8 (383.8--430.2)   300.5 (288.1--313.1)   71 (67--75)      215 (204--228)      159 (153--166)   3.6 (3.5--3.8)   11.0 (10.5--11.5)   8.2 (7.9--8.4)
  Income level                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  High income                755                     1794                           11.7 (11.7--11.8)                                                          5.5 (5.5--5.6)                                      1.6 (1.6--1.7)                                             68.1 (62.4--74.0)                                                       183.2 (169.7--197.1)   171.2 (157.0--186.4)   90 (83--98)      243 (225--261)      227 (208--247)   3.8 (3.6--3.9)   10.2 (9.9--10.5)    9.5 (9.2--9.9)
  Upper‐middle income        1528                    2703                           9.0 (8.9--9.1)                                                             7.6 (7.5--7.7)                                      1.2 (1.2--1.2)                                             97.0 (86.9--109.1)                                                      214.6 (198.9--231.0)   160.2 (152.5--168.4)   64 (57--71)      140 (130--151)      105 (100--110)   3.6 (3.4--3.8)   7.9 (7.5--8.5)      5.9 (5.7--6.2)
  Lower‐middle income        1212                    2183                           8.6 (8.5--8.7)                                                             4.5 (4.4--4.7)                                      1.5 (1.5--1.5)                                             76.9 (70.7--83.9)                                                       279.4 (256.6--304.6)   189.1 (178.9--199.5)   63 (58--69)      230 (212--251)      156 (148--165)   3.5 (3.3--3.8)   12.8 (12.0--13.6)   8.7 (8.3--9.0)
  Low income                 313                     255                            8.7 (8.6--8.9)                                                             4.5 (4.3--4.6)                                      1.2 (1.1--1.3)                                             8.8 (8.1--9.5)                                                          34.6 (32.9--36.2)      16.7 (15.0--18.3)      28 (26--30)      111 (105--116)      53 (48--59)      3.4 (3.3--3.6)   13.5 (13.0--14.0)   6.5 (5.9--7.1)
  Regional                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  Australasia                17                      38                             13.6 (13.4--13.8)                                                          5.0 (5.0--5.1)                                      1.3 (1.2--1.3)                                             2.2 (1.8--2.6)                                                          4.1 (3.3--5.0)         2.2 (1.9--2.5)         126 (101--151)   238 (191--286)      128 (110--146)   5.8 (5.3--6.4)   10.9 (10.0--11.9)   5.9 (5.5--6.3)
  Canada and United States   226                     620                            11.7 (11.6--11.9)                                                          6.5 (6.4--6.6)                                      2.9 (2.8--3.0)                                             19.9 (15.4--25.2)                                                       56.8 (45.7--68.9)      110.5 (96.8--126.1)    88 (68--111)     251 (202--304)      488 (428--557)   3.2 (2.8--3.6)   9.2 (8.3--10.0)     17.9 (16.8--18.9)
  East/Central Eurasia       273                     1641                           13.3 (13.0--13.7)                                                          7.8 (7.5--8.0)                                      1.0 (1.0--1.0)                                             82.1 (71.4--94.6)                                                       122.2 (109.7--136.1)   73.1 (68.5--78.0)      301 (262--347)   448 (402--499)      268 (251--286)   5.0 (4.6--5.4)   7.4 (7.0--7.9)      4.5 (4.3--4.6)
  East/Southeast Asia        1354                    1530                           10.1 (10.0--10.2)                                                          6.8 (6.7--6.9)                                      1.0 (1.0--1.0)                                             71.6 (67.0--76.2)                                                       146.8 (135.0--159.5)   67.5 (62.0--73.1)      53 (49--56)      108 (100--118)      50 (46--54)      4.7 (4.4--4.9)   9.6 (9.0--10.2)     4.4 (4.2--4.7)
  Latin America/Caribbean    316                     465                            8.2 (8.1--8.3)                                                             6.1 (6.0--6.1)                                      1.9 (1.8--1.9)                                             6.5 (6.0--7.0)                                                          48.5 (45.6--51.6)      49.6 (46.7--52.4)      21 (19--22)      154 (144--163)      157 (148--166)   1.4 (1.3--1.5)   10.4 (9.9--11.0)    10.7 (10.2--11.1)
  North Africa/Middle East   225                     410                            10.3 (10.1--10.5)                                                          5.9 (5.8--6.1)                                      2.3 (2.3--2.4)                                             9.1 (8.4--9.9)                                                          46.2 (43.5--49.0)      73.9 (70.1--78.1)      41 (37--44)      205 (194--218)      329 (312--347)   2.2 (2.1--2.4)   11.2 (10.7--11.8)   18.0 (17.3--18.7)
  South Asia                 776                     1270                           4.2 (4.1--4.2)                                                             4.8 (4.5--5.0)                                      1.7 (1.6--1.7)                                             17.5 (14.0--22.0)                                                       175.0 (153.6--199.7)   113.9 (104.6--123.3)   23 (18--28)      226 (198--258)      147 (135--159)   1.4 (1.1--1.7)   13.7 (12.5--15.0)   8.9 (8.4--9.4)
  Sub‐Saharan Africa         320                     209                            11.3 (11.1--11.6)                                                          4.2 (4.1--4.3)                                      0.8 (0.8--0.9)                                             8.1 (7.6--8.6)                                                          30.6 (29.4--31.8)      7.7 (7.3--8.1)         25 (24--27)      95 (92--99)         24 (23--25)      3.9 (3.7--4.1)   14.6 (14.2--15.1)   3.7 (3.5--3.9)
  Western Europe             301                     745                            12.6 (12.5--12.7)                                                          5.2 (5.1--5.3)                                      1.1 (1.1--1.1)                                             33.8 (30.4--37.5)                                                       81.5 (74.7--88.9)      38.7 (36.2--41.5)      112 (101--125)   271 (248--295)      129 (120--138)   4.5 (4.3--4.8)   10.9 (10.5--11.4)   5.2 (5.0--5.4)

List of countries within each region: Australasia: Australia, New Zealand; Canada and United States: Canada, United States; East/Central Eurasia: Albania, Armenia, Azerbaijan, Bulgaria, Bosnia and Herzegovina, Belarus, Czech Republic, Estonia, Georgia, Croatia, Hungary, Kazakhstan, Kyrgyzstan, Lithuania, Latvia, Moldova, Macedonia, Montenegro, Mongolia, Poland, Romania, Russian Federation, Serbia, Slovakia, Slovenia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan; East/Southeast Asia: Darussalam, China, Fiji, Micronesia, Indonesia, Cambodia, Kiribati, Republic of Korea, Lao People\'s Democratic Republic, Sri Lanka, Maldives, Marshall Islands, Myanmar, Malaysia, Philippines, Papua New Guinea, Solomon Islands, Thailand, Timor‐Leste, Tonga, Taiwan, Vietnam, Vanuatu, Samoa, Brunei, Japan, Democratic People\'s Republic of Korea, Singapore; Latin America/Caribbean: Argentina, Antigua and Barbuda, Bahamas, Belize, Bolivia, Brazil, Barbados, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, Grenada, Guatemala, Guyana, Honduras, Haiti, Jamaica, Saint Lucia, Mexico, Nicaragua, Panama, Peru, Paraguay, El Salvador, Suriname, Trinidad and Tobago, Uruguay, Saint Vincent and the Grenadines, Venezuela; North Africa/Middle East: United Arab Emirates, Bahrain, Algeria, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Occupied Palestinian Territory, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, Turkey, Yemen; South Asia: Bangladesh, Bhutan, India, Nepal, Pakistan; sub‐Saharan Africa: Angola, Burundi, Benin, Burkina Faso, Botswana, Central African Republic, Côte d\'Ivoire, Cameroon, Democratic republic of the Congo, Congo, Comoros, Cape Verde, Djibouti, Eritrea, Ethiopia, Gabon, Ghana, Guinea, Gambia, Guinea‐Bissau, Equatorial Guinea, Kenya, Liberia, Lesotho, Madagascar, Mali, Mozambique, Mauritania, Mauritius, Malawi, Namibia, Niger, Nigeria, Rwanda, Sudan, Senegal, Sierra Leone, Somalia, São Tomé and Príncipe, Swaziland, Seychelles, Chad, Togo, United Republic of Tanzania, Uganda, South Africa, Zambia, Zimbabwe; Western Europe: Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Ireland, Iceland, Israel, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom. %E indicates percentage of total energy intake; CHD, ischemic heart disease; n‐6 PUFA, ω‐6 polyunsaturated fat; SFA, saturated fat; TFA, trans fat; UI, uncertainly interval.

Mean national consumption levels among adults, (95%UI) based on intakes in each country‐, age‐, and sex‐specific stratum weighted by the number of adults in that stratum in 2010.

Burdens due to higher SFA (\>10%E), based on benefits if isocalorically replaced with n‐6 PUFA (up to 12%E).

Burdens due to insufficient n‐6 PUFA (\<12%E), based on benefits if isocalorically replacing either SFA (down to 10%E) or carbohydrates.

Burdens due to higher TFA (\>0.5%E), based on benefits if isocalorically replaced with other dietary fats.

###### 

Global and Regional CHD Mortality Attributable to SFA, n‐6PUFA, and TFA in 1990

                             Population (Million)   Total CHD Deaths (Thousands)   Mean Intake Level (95% UI)[a](#jah31259-note-0019){ref-type="fn"}   CHD Deaths (Thousand) Due to (95% UI)   CHD Deaths/1 Million Population Due to (95% UI)   Proportion of CHD Deaths (%) Due to (95% UI)                                                                                                                                              
  -------------------------- ---------------------- ------------------------------ ------------------------------------------------------------------- --------------------------------------- ------------------------------------------------- ---------------------------------------------- ---------------------- ---------------------- ---------------- ------------------- ------------------ ---------------- ------------------- -------------------
  Global                                                                                                                                                                                                                                                                                                                                                                                                                                   
   Both sexes                                                                                                                                                                                                                                                                                                                                                                                                                              
  Age 25--69, y              2343                   1908                           9.5 (9.5--9.6)                                                      5.5 (5.5--5.6)                          1.3 (1.2--1.3)                                    99.7 (94.8--105.2)                             271.5 (259.5--284.1)   175.2 (169.0--181.3)   40 (38--42)      119 (113--125)      78 (75--81)        5.2 (5.0--5.4)   14.2 (13.7--14.7)   9.2 (9.0--9.4)
  Age ≥70, y                 204                    3219                           10.3 (10.1--10.4)                                                   5.5 (5.4--5.6)                          1.2 (1.2--1.3)                                    135.1 (124.3--145.6)                           307.8 (289.8--326.3)   208.1 (195.1--222.1)   610 (563--653)   1504 (1422--1593)   999 (938--1061)    4.2 (4.0--4.4)   9.6 (9.1--10.1)     6.5 (6.2--6.7)
  All ages, y                2547                   5127                           9.6 (9.2--9.9)                                                      5.5 (5.2--5.8)                          1.3 (1.2--1.3)                                    234.8 (222.6--247.1)                           579.3 (558.2--601.8)   383.3 (369.2--398.9)   92 (87--96)      245 (236--255)      162 (156--168)     4.6 (4.4--4.7)   11.3 (10.9--11.7)   7.5 (7.3--7.7)
   Female                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Age 25--69, y              1166                   635                            9.7 (9.6--9.8)                                                      5.6 (5.5--5.7)                          1.3 (1.3--1.3)                                    32.3 (30.0--34.9)                              87.5 (81.7--94)        58.0 (54.8--61.4)      25 (24--27)      77 (72--83)         52 (49--55)        5.1 (4.8--5.3)   13.8 (13.1--14.4)   9.1 (8.8--9.4)
  Age ≥70, y                 121                    1857                           10.7 (10.5--10.9)                                                   5.5 (5.4--5.7)                          1.2 (1.2--1.3)                                    82.9 (72.9--93.4)                              173.3 (158.1--189.1)   117.7 (106.4--129.6)   616 (546--693)   1415 (1294--1535)   943 (857--1033)    4.5 (4.1--4.8)   9.3 (8.7--10)       6.3 (5.9--6.7)
  All ages, y                1287                   2493                           9.8 (9.3--10.4)                                                     5.6 (5.1--6.1)                          1.3 (1.2--1.4)                                    115.2 (105.2--125.8)                           260.8 (245.1--277.6)   175.6 (164.1--187.7)   87 (79--95)      216 (203--230)      145 (135--154)     4.6 (4.4--4.8)   10.5 (10--10.9)     7.0 (6.8--7.3)
   Male                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Age 25--69, y              1178                   1273                           9.3 (9.2--9.4)                                                      5.5 (5.4--5.6)                          1.2 (1.2--1.3)                                    67.4 (63.3--72.1)                              184.0 (173.2--194.9)   117.2 (112.1--122.6)   54 (51--57)      160 (150--169)      104 (99--108)      5.3 (5.0--5.6)   14.5 (13.8--15.1)   9.2 (8.9--9.5)
  Age ≥70, y                 83                     1362                           9.7 (9.6--9.8)                                                      5.4 (5.2--5.5)                          1.2 (1.2--1.3)                                    52.2 (47.8--56.7)                              134.5 (124.9--144.8)   90.5 (84.1--97.8)      601 (551--652)   1625 (1508--1746)   1074 (999--1161)   3.8 (3.6--4.1)   9.9 (9.1--10.6)     6.6 (6.3--7.0)
  All ages, y                1260                   2635                           9.3 (8.8--9.8)                                                      5.5 (5.0--6.0)                          1.2 (1.1--1.3)                                    119.6 (113.1--126.1)                           318.5 (304.1--333.1)   207.7 (198.8--217.1)   97 (92--102)     275 (262--288)      180 (172--188)     4.5 (4.3--4.8)   12.1 (11.5--12.7)   7.9 (7.6--8.2)
  Income level                                                                                                                                                                                                                                                                                                                                                                                                                             
  High income                604                    2017                           11.9 (11.8--12.0)                                                   5.3 (5.2--5.3)                          1.7 (1.6--1.7)                                    93.3 (86.7--100.1)                             220.0 (206.7--233.8)   203.8 (191.0--217.8)   179 (166--192)   442 (413--470)      404 (378--432)     4.6 (4.4--4.8)   10.9 (10.5--11.3)   10.1 (9.8--10.5)
  Upper‐middle income        1026                   1703                           9.2 (9.1--9.3)                                                      6.7 (6.7--6.8)                          1.1 (1.1--1.1)                                    84.7 (76.6--93.6)                              170.7 (159.9--182.5)   90.4 (86.5--94.4)      81 (73--89)      182 (171--194)      101 (97--106)      5.0 (4.7--5.3)   10.0 (9.5--10.7)    5.3 (5.1--5.5)
  Lower‐middle income        737                    1266                           8.5 (8.4--8.6)                                                      4.4 (4.2--4.6)                          1.2 (1.2--1.3)                                    51.1 (46.7--55.9)                              168.1 (156.0--181)     83.0 (79.0--87.5)      67 (61--72)      236 (219--254)      120 (114--126)     4.0 (3.8--4.3)   13.3 (12.5--14.1)   6.6 (6.3--6.8)
  Low income                 180                    142                            8.6 (8.4--8.7)                                                      4.2 (4.1--4.3)                          1.0 (1.0--1.1)                                    5.7 (5.2--6.2)                                 20.4 (19.6--21.2)      6.2 (5.7--6.7)         30 (28--32)      112 (107--116)      34 (32--37)        4.0 (3.8--4.2)   14.4 (13.8--14.9)   4.4 (3.9--4.8)
  Regional                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Australasia                13                     42                             13.5 (13.4--13.7)                                                   5.1 (5.0--5.2)                          1.3 (1.2--1.3)                                    2.5 (2.2--2.8)                                 4.8 (4.2--5.5)         2.7 (2.4--3.0)         256 (216--295)   498 (421--573)      275 (246--304)     5.9 (5.4--6.5)   11.5 (10.4--12.5)   6.4 (5.9--6.8)
  Canada and United States   176                    703                            12.3 (12.1--12.4)                                                   6.0 (5.9--6.1)                          2.9 (2.8--3.0)                                    27.8 (22.7--33.1)                              70.2 (58.8--81.5)      125.6 (112.3--139.9)   186 (150--223)   473 (394--555)      846 (755--942)     4.0 (3.5--4.4)   10.0 (9.1--10.9)    17.9 (16.8--18.9)
  East/Central Eurasia       249                    1302                           14.4 (14.0--14.8)                                                   6.6 (6.4--6.8)                          0.9 (0.9--1.0)                                    91.4 (82.7--101.4)                             124.6 (114.5--135.7)   54.0 (51.0--57.3)      425 (381--475)   588 (539--644)      253 (237--270)     7.0 (6.6--7.5)   9.6 (9.1--10.1)     4.1 (4.0--4.3)
  East/Southeast Asia        901                    788                            9.7 (9.6--9.8)                                                      6.0 (5.9--6.1)                          0.9 (0.9--0.9)                                    39.0 (36.7--41.2)                              90.6 (84.0--97.4)      31.3 (28.9--33.6)      54 (51--57)      125 (115--134)      42 (39--45)        4.9 (4.7--5.2)   11.5 (10.8--12.2)   4.0 (3.8--4.2)
  Latin America/Caribbean    193                    306                            7.8 (7.7--7.9)                                                      5.6 (5.5--5.7)                          1.7 (1.7--1.8)                                    4.2 (3.9--4.6)                                 35.3 (33.5--37.1)      29.6 (28.1--31.1)      26 (24--28)      216 (203--228)      187 (177--197)     1.4 (1.3--1.5)   11.5 (11.0--12.1)   9.7 (9.2--10.1)
  North Africa/Middle East   116                    251                            10.4 (10.2--10.6)                                                   5.5 (5.4--5.7)                          2.0 (2.0--2.1)                                    5.5 (5.1--5.9)                                 30.4 (28.8--32.1)      33.1 (31.4--35.1)      50 (47--54)      274 (259--289)      296 (281--314)     2.2 (2.1--2.3)   12.1 (11.6--12.6)   13.2 (12.7--13.7)
  South Asia                 463                    672                            3.8 (3.7--3.9)                                                      4.5 (4.2--4.8)                          1.3 (1.3--1.4)                                    9.4 (7.5--11.7)                                96.6 (85.9--108.5)     45.0 (41.4--48.6)      21 (17--27)      222 (197--249)      103 (95--111)      1.4 (1.1--1.7)   14.4 (13.1--15.7)   6.7 (6.3--7.1)
  Sub‐Saharan Africa         183                    136                            10.8 (10.5--11.0)                                                   4.1 (4.0--4.2)                          0.8 (0.8--0.9)                                    4.7 (4.4--5.0)                                 20.5 (19.7--21.3)      5.5 (5.2--5.8)         26 (24--27)      113 (108--117)      30 (29--32)        3.5 (3.3--3.7)   15.1 (14.6--15.6)   4.0 (3.8--4.3)
  Western Europe             253                    928                            12.9 (12.8--13.0)                                                   5.1 (5.0--5.2)                          1.2 (1.2--1.2)                                    50.2 (46.1--54.5)                              106.3 (98.8--114.1)    56.6 (53.6--59.8)      231 (212--250)   501 (466--539)      261 (247--276)     5.4 (5.2--5.7)   11.5 (11.0--11.9)   6.1 (5.9--6.3)

Each region includes countries as follows: Australasia: Australia, New Zealand; Canada and United States: Canada, United States; East/Central Eurasia: Albania, Armenia, Azerbaijan, Bulgaria, Bosnia and Herzegovina, Belarus, Czech Republic, Estonia, Georgia, Croatia, Hungary, Kazakhstan, Kyrgyzstan, Lithuania, Latvia, Moldova, Macedonia, Montenegro, Mongolia, Poland, Romania, Russian Federation, Serbia, Slovakia, Slovenia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan; East/Southeast Asia: Darussalam, China, Fiji, Micronesia, Indonesia, Cambodia, Kiribati, Republic of Korea, Lao People\'s Democratic Republic, Sri Lanka, Maldives, Marshall Islands, Myanmar, Malaysia, Philippines, Papua New Guinea, Solomon Islands, Thailand, Timor‐Leste, Tonga, Taiwan, Vietnam, Vanuatu, Samoa, Brunei, Japan, Democratic People\'s Republic of Korea, Singapore; Latin America/Caribbean: Argentina, Antigua and Barbuda, Bahamas, Belize, Bolivia, Brazil, Barbados, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, Grenada, Guatemala, Guyana, Honduras, Haiti, Jamaica, Saint Lucia, Mexico, Nicaragua, Panama, Peru, Paraguay, El Salvador, Suriname, Trinidad and Tobago, Uruguay, Saint Vincent and the Grenadines, Venezuela; North Africa/Middle East: United Arab Emirates, Bahrain, Algeria, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Occupied Palestinian Territory, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, Turkey, Yemen; South Asia: Bangladesh, Bhutan, India, Nepal, Pakistan; sub‐Saharan Africa: Angola, Burundi, Benin, Burkina Faso, Botswana, Central African Republic, Côte d\'Ivoire, Cameroon, Democratic republic of the Congo, Congo, Comoros, Cape Verde, Djibouti, Eritrea, Ethiopia, Gabon, Ghana, Guinea, Gambia, Guinea‐Bissau, Equatorial Guinea, Kenya, Liberia, Lesotho, Madagascar, Mali, Mozambique, Mauritania, Mauritius, Malawi, Namibia, Niger, Nigeria, Rwanda, Sudan, Senegal, Sierra Leone, Somalia, São Tomé and Príncipe, Swaziland, Seychelles, Chad, Togo, United Republic of Tanzania, Uganda, South Africa, Zambia, Zimbabwe; Western Europe: Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Ireland, Iceland, Israel, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom. %E indicates percentage of total energy intake; CHD, ischemic heart disease; n‐6 PUFA, ω‐6 polyunsaturated fat; SFA, saturated fat; TFA, trans fat; UI, uncertainly interval.

Mean intake level (95% UI) was weighted based on the population in each country‐, age‐, and sex‐specific stratum in 2010.

Model decreases SFA to minimally 10%E but only if it can be isocalorically replaced with PUFA to maximally 12%E.

Model increases n‐6 PUFA to 12%E and replaces it isocalorically with either carbohydrates or SFA.

Model decreases TFA to 0.5%E and replaces it isocalorically with n‐6 PUFA or monounsaturated fats or SFA.

Global and Regional Attributable CHD Mortality {#jah31259-sec-0014}
----------------------------------------------

In 2010, 711 800 (95% UI 680 700--745 000) CHD deaths per year worldwide were estimated to be attributable to insufficient n‐6 PUFA consumption in place of carbohydrate or SFA, accounting for 10.3% (95% UI 9.9%--10.6%) of total global CHD mortality and for 187 (95% UI 179--196) CHD deaths per year per 1 million adults (Table [3](#jah31259-tbl-0003){ref-type="table-wrap"}). Of these, 45% (316 400, 95% UI 296 900--337 900) occurred prematurely (aged \<70 years), and 43% (306 000, 95% UI 284 300--329 300) occurred among women. As expected based on underlying CHD rates, absolute attributable mortality was higher at older than younger ages. Conversely, attributable proportional CHD mortality was higher at younger versus older ages, consistent with larger proportional effects of diet on CHD at younger ages. Eastern Europe had the most absolute n‐6 PUFA--attributable CHD deaths per year (547 per 1 million adults, 95% UI 464--640) (Figure [1](#jah31259-fig-0001){ref-type="fig"}), and Oceania had the highest proportion of n‐6 PUFA--attributable CHD deaths (18.6%, 95% UI 16.9%--20.2%). In comparison, East Asia had both fewest absolute (74 per 1 million adults, 95% UI 63--87) and lowest proportion (6.7%, 95% UI 5.9%--7.5%) of n‐6 PUFA--attributable CHD mortality.

![Regional CHD mortality attributable to insufficient n‐6 PUFA intake in 1990 and 2010. The *y*‐axis represents the CHD deaths per 1 million adults (on the left) or the proportion of CHD deaths (on the right) attributable to insufficient n‐6 PUFA intake. The *x*‐axis includes the world estimates and estimates for the 21 regions. Red triangles indicate estimates in 1990, whereas blue circles indicate estimates in 2010. The error bars represent the 95% uncertainty level of each estimate. CHD indicates coronary heart disease; n‐6 PUFA, ω‐6 polyunsaturated fat.](JAH3-5-e002891-g001){#jah31259-fig-0001}

When we evaluated the impact of excess SFA intake in place of n‐6 PUFA, an estimated 250 900 (95% UI 236 900--265 800) attributable CHD deaths per year worldwide in 2010 were identified and accounted for 3.6% (95% UI 3.5%--3.7%) of global CHD deaths and 66 (95% UI 62--70) CHD deaths per year per 1 million adults (Table [3](#jah31259-tbl-0003){ref-type="table-wrap"}). Globally, CHD mortality attributable to higher SFA was only one‐third of that attributable to insufficient n‐6 PUFA, with much of this difference seen in south Asia.

Excess TFA consumption was estimated to cause 537 200 (95% UI 517 600--557 000) CHD deaths per year worldwide in 2010, representing 7.7% (95% UI 7.6%--7.9%) of global CHD mortality and 141 (95% UI 136--146) CHD deaths per year per 1 million adults (Table [3](#jah31259-tbl-0003){ref-type="table-wrap"}). Of these, women accounted for 44% and premature deaths for 45%. High‐income nations generally had higher TFA‐attributable CHD mortality than lower‐income nations. Younger adults generally experienced higher proportional TFA‐attributable CHD mortality related to both higher consumption and, more so, higher proportional effects of diet on CHD at younger ages. Highest absolute TFA‐attributable CHD mortality was in North America (488 per 1 million adults, 95% UI 428--557) (Figure [2](#jah31259-fig-0002){ref-type="fig"}), accounting for 18% of CHD deaths in this region. Sub‐Saharan Africa and the Caribbean had the lowest estimated TFA‐attributable CHD mortality, accounting for \<5% of CHD mortality in these regions.

![Regional CHD mortality attributable to higher TFA intake in 1990 and 2010. The *y*‐axis represents the CHD deaths per 1 million adults (on the left) or the proportion of CHD deaths (on the right) attributable to higher TFA consumption. The *x*‐axis includes the world estimates and the estimates for the 21 regions. Red triangles indicate estimates in 1990, whereas blue circles indicate estimates in 2010. The error bars represent the 95% uncertainty level of each estimate. CHD indicates coronary heart disease; TFA, trans fat.](JAH3-5-e002891-g002){#jah31259-fig-0002}

In sensitivity analyses, allowing higher SFA intake to be replaced by both n‐6 PUFA and MUFA resulted in an estimated 255 900 (95% UI 238 600--276 200) SFA‐attributable CHD deaths per year in 2010 (Table [5](#jah31259-tbl-0005){ref-type="table-wrap"}), whereas lowering the optimal level of SFA consumption from 10%E to 7%E produced an estimated 376 900 (95% UI 358 600--396 100) SFA‐attributable CHD deaths per year. Evaluating both assumptions simultaneously, global annual SFA‐attributable CHD deaths per year were 459 300 (95% UI 435 300--485 800), accounting for 8.7% (95% UI 8.4%--8.9%) of global CHD deaths.

###### 

Global and Regional CHD Mortality Attributable to SFA, n‐6PUFA and TFA in 2010 With Alternative Models

                             Population (Million)   Total CHD Deaths (Thousands)   Mean Intake Level (95% UI)[a](#jah31259-note-0024){ref-type="fn"}   CHD Deaths (Thousand) Due to (95% UI)   CHD Deaths/1 Million Population Due to (95% UI)   Proportion of CHD Deaths (%) Due to (95% UI)                                                                                                                    
  -------------------------- ---------------------- ------------------------------ ------------------------------------------------------------------- --------------------------------------- ------------------------------------------------- ---------------------------------------------- ---------------------- ---------------- ---------------- ---------------- ------------------ ------------------- -------------------
  Global                                                                                                                                                                                                                                                                                                                                                                                                         
   Both sexes                                                                                                                                                                                                                                                                                                                                                                                                    
  Age 25--69, y              3460                   2367                           9.3 (9.3--9.4)                                                      6.0 (5.9--6)                            98.5 (91.9--106.0)                                146.2 (139.7--153.1)                           176.0 (167.4--185.7)   28 (27--31)      42 (40--44)      51 (48--54)      4.9 (4.7--5.1)     7.8 (7.6--8.0)      9.0 (8.7--9.2)
  Age ≥70, y                 348                    4566                           9.9 (9.8--10.1)                                                     5.9 (5.8--6)                            157.4 (142.3--175.0)                              230.7 (213.7--247.8)                           283.3 (260.7--307.3)   453 (410--504)   664 (615--713)   815 (750--884)   3.0 (2.8--3.2)     4.9 (4.7--5.2)      5.7 (5.4--6.0)
  All ages, y                3808                   6935                           9.4 (9.0--9.7)                                                      6.0 (5.6--6.3)                          255.9 (238.6--276.2)                              376.9 (358.6--396.1)                           459.3 (435.3--485.8)   67 (63--73)      99 (94--104)     121 (114--128)   4.7 (4.6--4.9)     7.6 (7.4--7.8)      8.7 (8.4--8.9)
   Female                                                                                                                                                                                                                                                                                                                                                                                                        
  Age 25--69, y              1723                   729                            9.5 (9.4--9.6)                                                      6.0 (5.9--6.1)                          29.6 (26.9--32.4)                                 43.7 (41.3--46.6)                              52.9 (49.2--56.5)      17 (16--19)      25 (24--27)      31 (29--33)      5.2 (4.9--5.4)     8.0 (7.7--8.3)      9.3 (8.9--9.7)
  Age ≥70, y                 200                    2513                           10.2 (10.1--10.4)                                                   6.0 (5.8--6.1)                          93.3 (79.5--109.6)                                131.3 (116.8--147.3)                           165.2 (145.5--186.9)   467 (398--549)   657 (584--737)   826 (728--935)   3.2 (3.0--3.5)     5.1 (4.8--5.5)      6.0 (5.5--6.4)
  All ages, y                1923                   3244                           9.6 (9.1--10.1)                                                     6.0 (5.5--6.5)                          122.9 (109.4--139.8)                              175.0 (160.2--190.7)                           218.1 (198.9--240.5)   64 (57--73)      91 (83--99)      113 (103--125)   5.0 (4.7--5.2)     7.7 (7.5--8.0)      9.0 (8.6--9.3)
   Male                                                                                                                                                                                                                                                                                                                                                                                                          
  Age 25--69, y              1737                   1638                           9.2 (9.1--9.2)                                                      5.9 (5.8--6.0)                          68.9 (63.0--75.4)                                 102.5 (96.8--109.1)                            123.1 (115.1--131.2)   40 (36--43)      59 (56--63)      71 (66--76)      4.6 (4.4--4.9)     7.6 (7.3--7.9)      8.6 (8.3--9.0)
  Age ≥70, y                 148                    2050                           9.6 (9.5--9.7)                                                      5.8 (5.7--6.0)                          64.0 (57.4--71.3)                                 99.4 (91.4--107.7)                             118.2 (108.1--128.6)   434 (389--483)   673 (619--729)   800 (732--871)   2.7 (2.5--3.0)     4.7 (4.4--5.0)      5.3 (5.0--5.7)
  All ages, y                1884                   3684                           9.2 (8.7--9.7)                                                      5.9 (5.4--6.4)                          133.0 (123.7--143.6)                              201.9 (191.7--212.0)                           241.3 (227.6--255.6)   71 (66--76)      107 (102--112)   128 (121--136)   4.5 (4.3--4.7)     7.4 (7.1--7.7)      8.4 (8.0--8.7)
  Income level                                                                                                                                                                                                                                                                                                                                                                                                   
  High income                755                    1795                           11.7 (11.7--11.8)                                                   5.5 (5.5--5.6)                          81.7 (74.8--88.7)                                 137.0 (125.5--148.6)                           151.8 (139.8--164.1)   108 (99--117)    181 (166--197)   201 (185--217)   6.7 (6.4--7.0)     11.4 (11.0--11.8)   12.6 (12.1--13.1)
  Upper‐middle income        1528                   2699                           9.0 (8.9--9.1)                                                      7.6 (7.5--7.7)                          97.6 (83.7--114.2)                                129.2 (117.4--142.4)                           183.2 (164.4--203.6)   64 (55--75)      85 (77--93)      120 (108--133)   2.8 (2.6--3.0)     5.5 (5.2--5.9)      6.8 (6.4--7.2)
  Lower‐middle income        1212                   2184                           8.6 (8.5--8.7)                                                      4.5 (4.4--4.7)                          67.9 (61.2--76)                                   96.0 (89.2--103.0)                             108.4 (99.3--118.9)    56 (50--63)      79 (74--85)      89 (82--98)      5.8 (5.4--6.2)     7.5 (7.1--7.9)      8.4 (8.0--8.9)
  Low income                 313                    256                            8.7 (8.6--8.9)                                                      4.5 (4.3--4.6)                          8.6 (7.8--9.6)                                    14.7 (13.9--15.6)                              15.9 (14.8--17.1)      28 (25--31)      47 (44--50)      51 (47--55)      5.1 (4.7--5.5)     8.5 (8.2--8.9)      9.2 (8.7--9.7)
  Regional                                                                                                                                                                                                                                                                                                                                                                                                       
  Australasia                17                     38                             13.6 (13.4--13.8)                                                   5.0 (5.0--5.1)                          2.4 (1.9--3.0)                                    3.8 (3.1--4.6)                                 4.0 (3.2--4.8)         140 (112--170)   222 (178--266)   230 (185--277)   10.5 (9.6--11.6)   16.1 (14.7--17.5)   16.9 (15.4--18.6)
  Canada and United States   226                    617                            11.7 (11.6--11.9)                                                   6.5 (6.4--6.6)                          25.0 (19.6--31.1)                                 48.1 (38.3--58.9)                              50.4 (40.2--61.7)      111 (86--137)    213 (169--260)   223 (177--272)   6.4 (5.7--7.2)     12.1 (10.9--13.3)   12.7 (11.4--14.0)
  East/Central Eurasia       273                    1642                           13.3 (13.0--13.7)                                                   7.8 (7.5--8.0)                          106.0 (91.5--124.4)                               113.3 (100.8--127.3)                           176.0 (156.5--198.6)   388 (335--456)   415 (369--466)   645 (574--727)   10.2 (9.3--11)     10.1 (9.4--10.8)    16.4 (15.4--17.5)
  East/Southeast Asia        1354                   1532                           10.1 (10.0--10.2)                                                   6.8 (6.7--6.9)                          60.0 (55.6--64.7)                                 83.6 (78.5--88.9)                              99.4 (93.0--106)       44 (41--48)      62 (58--66)      73 (69--78)      5.6 (5.2--6.0)     8.0 (7.6--8.5)      9.5 (9.0--10.0)
  Latin America/Caribbean    316                    466                            8.2 (8.1--8.3)                                                      6.1 (6.0--6.1)                          3.1 (2.7--3.7)                                    13.3 (12.1--14.4)                              15.3 (14.0--16.8)      10 (9--12)       42 (38--45)      49 (44--53)      1.1 (1.0--1.2)     4.5 (4.2--4.8)      5.2 (4.8--5.6)
  North Africa/Middle East   225                    410                            10.3 (10.1--10.5)                                                   5.9 (5.8--6.1)                          11.2 (9.9--12.6)                                  25.4 (23.6--27.1)                              27.4 (25.3--29.7)      50 (44--56)      113 (105--121)   122 (113--132)   4.4 (4.0--4.9)     9.5 (8.9--10.1)     10.3 (9.6--11)
  South Asia                 776                    1274                           4.2 (4.1--4.2)                                                      4.8 (4.5--5.0)                          0.0 (0.0--0.0)                                    7.9 (6.2--10.1)                                0.2 (0.1--0.3)         0.0 (0.0--0.0)   10 (8--13)       0.0 (0.0--0.0)   0.0 (0.0--0.0)     0.9 (0.7--1.1)      0.0 (0.0--0.0)
  Sub‐Saharan Africa         320                    209                            11.3 (11.1--11.6)                                                   4.2 (4.1--4.3)                          9.5 (8.7--10.3)                                   17.2 (16.3--18.0)                              18.3 (17.2--19.5)      30 (27--32)      54 (51--56)      57 (54--61)      7.0 (6.3--7.6)     12.2 (11.7--12.8)   13.1 (12.3--13.9)
  Western Europe             301                    744                            12.6 (12.5--12.7)                                                   5.2 (5.1--5.3)                          38.7 (34.7--42.9)                                 64.3 (58.5--70.4)                              68.2 (61.9--74.5)      128 (115--142)   214 (194--234)   226 (205--247)   8.2 (7.8--8.6)     13.3 (12.7--13.8)   14.3 (13.7--14.8)

Each region includes countries as follows: Australasia: Australia, New Zealand; Canada and United States: Canada, United States of America; East/Central Eurasia: Albania, Armenia, Azerbaijan, Bulgaria, Bosnia and Herzegovina, Belarus, Czech Republic, Estonia, Georgia, Croatia, Hungary, Kazakhstan, Kyrgyzstan, Lithuania, Latvia, Moldova, Macedonia, Montenegro, Mongolia, Poland, Romania, Russian Federation, Serbia, Slovakia, Slovenia, Tajikistan, Turkmenistan, Ukraine, Uzbekistan; East/Southeast Asia: Darussalam, China, Fiji, Micronesia, Indonesia, Cambodia, Kiribati, Republic of Korea, Lao People\'s Democratic Republic, Sri Lanka, Maldives, Marshall Islands, Myanmar, Malaysia, Philippines, Papua New Guinea, Solomon Islands, Thailand, Timor‐Leste, Tonga, Taiwan, Vietnam, Vanuatu, Samoa, Brunei, Japan, Democratic People\'s Republic of Korea, Singapore; Latin America/Caribbean: Argentina, Antigua and Barbuda, Bahamas, Belize, Bolivia, Brazil, Barbados, Chile, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Ecuador, Grenada, Guatemala, Guyana, Honduras, Haiti, Jamaica, Saint Lucia, Mexico, Nicaragua, Panama, Peru, Paraguay, El Salvador, Suriname, Trinidad and Tobago, Uruguay, Saint Vincent and the Grenadines, Venezuela; North Africa/Middle East: United Arab Emirates, Bahrain, Algeria, Egypt, Iran, Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Occupied Palestinian Territory, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, Turkey, Yemen; South Asia: Bangladesh, Bhutan, India, Nepal, Pakistan; sub‐Saharan Africa: Angola, Burundi, Benin, Burkina Faso, Botswana, Central African Republic, Côte d\'Ivoire, Cameroon, Democratic republic of the Congo, Congo, Comoros, Cape Verde, Djibouti, Eritrea, Ethiopia, Gabon, Ghana, Guinea, Gambia, Guinea‐Bissau, Equatorial Guinea, Kenya, Liberia, Lesotho, Madagascar, Mali, Mozambique, Mauritania, Mauritius, Malawi, Namibia, Niger, Nigeria, Rwanda, Sudan, Senegal, Sierra Leone, Somalia, São Tomé and Príncipe, Swaziland, Seychelles, Chad, Togo, United Republic of Tanzania, Uganda, South Africa, Zambia, Zimbabwe; Western Europe: Andorra, Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Ireland, Iceland, Israel, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom. %E indicates percentage of total energy intake; CHD, ischemic heart disease; MUFA, monounsaturated fat; n‐6 PUFA, ω‐6 polyunsaturated fat; SFA, saturated fat; TFA, trans fat; UI, uncertainly interval.

Mean intake level (95% UI) was weighted based on the population in each country‐, age‐, and sex‐specific stratum in 2010.

Model decreases SFA to 10%E and replaces it isocaloriacally with either n‐6 PUFA or MUFA.

Model decreases SFA to 7%E but only if it can be isocalorically replaced with n‐6 PUFA to maximally 12%.

Model decreases SFA to 7%E and replaces it isocaloriacally with either n‐6 PUFA or MUFA.

Nation‐Specific CHD Attributable Mortality {#jah31259-sec-0015}
------------------------------------------

Across 186 individual nations in 2010, the highest number of n‐6 PUFA--attributable absolute CHD deaths were observed in several former Soviet states, in particular Ukraine (647 CHD deaths per year per 1 million adults, 95% UI 505--823) (Figure [3](#jah31259-fig-0003){ref-type="fig"}, Table S1). In tropical oil--consuming nations such as Kiribati, Solomon Islands, Philippines, and Malaysia, about 1 in 5 CHD deaths were attributed to insufficient n‐6 PUFA.

![Global absolute CHD mortality attributable to SFA, n‐6PUFA, and TFA in 2010. World Health Organization income levels are as follows: high, ≥\$12 616 per capita; upper‐middle, \$4086 to \$12 615 per capita; lower‐middle, \$1036 to \$4085 per capita; low, ≤\$1035 per capita. Attributable CHD mortality was estimated for (A) higher SFA intake (red triangles), modeled as decreasing consumption to 10%E when isocalorically replaced with PUFA up to 12%E; (B) insufficient n‐6 PUFA (blue diamonds), modeled as increasing consumption to 12%E when isocalorically replaced with either carbohydrates or SFA; and (C) higher TFA (green circles), modeled as decreasing consumption to 0.5%E when isocalorically replacing with other fats. \*In Egypt, TFA‐attributable CHD mortality per 1 million adults was 1120, beyond the *x*‐axis scale. %E indicates percentage of total energy intake; ARE, United Arab Emirates; ATG, Antigua and Barbuda; BIH, Bosnia and Herzegovina; CAF, Central African Republic; CHD, coronary heart disease; COD, Democratic Republic of the Congo; DOM, Dominican Republic; FSM, Federated States of Micronesia; GNQ, Equatorial Guinea; n‐6 PUFA, ω‐6 polyunsaturated fat; PNG, Papua New Guinea; SFA, saturated fat; STP, Sao Tome and Principe; TFA, trans fat; TTO, Trinidad and Tobago; VCT, Saint Vincent and the Grenadines.](JAH3-5-e002891-g003){#jah31259-fig-0003}

In most countries, magnitudes of absolute and proportional SFA‐attributable CHD mortality were smaller than those for n‐6 PUFA (typically ≈60% lower) (Figure [4](#jah31259-fig-0004){ref-type="fig"}, Table S1), except in tropical oil--consuming nations with very high SFA intakes. The largest relative differences in n‐6 PUFA-- versus SFA‐attributable CHD mortality were found in some South Asian nations, including Pakistan, Bhutan, Nepal, and Bangladesh, as well as Caribbean and sub‐Saharan African nations. In these, CHD mortality attributable to SFA was a fraction (often \<10%) of that attributable to insufficient n‐6 PUFA.

![Global proportional CHD mortality attributable to SFA and n‐6 PUFA in 2010. The proportion of CHD mortality attributable to different dietary fats was calculated by dividing the number of attributable CHD deaths by the total number of CHD deaths within each country. The color scale of each map indicates the proportional CHD mortality in 186 countries attributable to the given dietary fat. The optimal level is 10±1%E for SFA and 12±1.2%E for n‐6 PUFA. %E indicates percentage of total energy intake; CHD, coronary heart disease; n‐6 PUFA, ω‐6 polyunsaturated fat; SFA, saturated fat.](JAH3-5-e002891-g004){#jah31259-fig-0004}

Among the 20 most populous countries, Russia, Germany, and Egypt had the highest absolute CHD mortality attributable to insufficient n‐6 PUFA, with \>335 CHD deaths per year per 1 million adults in each (Figure [5](#jah31259-fig-0005){ref-type="fig"}, Table [4](#jah31259-tbl-0004){ref-type="table-wrap"}). SFA‐attributable absolute CHD mortality was also highest in Russia as well as in the Philippines and Thailand. In contrast, Iran, Pakistan, and India had few SFA‐attributable CHD deaths but had substantial CHD mortality attributable to insufficient n‐6 PUFA.

![Annual CHD mortality attributable to SFA, n‐6PUFA, and TFA in the world\'s 20 most populous nations in 1990 and 2010. The *x*‐axis represents CHD deaths per 1 million adults attributable to different dietary fats, calculated by dividing the number of attributable CHD deaths by the adult population (defined as people aged ≥25 years) of the specific country and then multiplying by 1 million. The *y*‐axis (from the top to the bottom) shows the 20 most populous countries in 2010. The error bars represent the 95% uncertainty level. The optimal level is 10±1%E for SFA, 12±1.2%E for n‐6 PUFA, and 0.5±0.05%E for TFA. %E indicates percentage of total energy intake; CHD, coronary heart disease; n‐6 PUFA, ω‐6 poly‐unsaturated fat; SFA, saturated fat; TFA, trans fat.](JAH3-5-e002891-g005){#jah31259-fig-0005}

The highest TFA‐attributable absolute CHD mortality was found in Egypt, with 1120 (95% UI 1036--1209) deaths per year per 1 million adults (Figure [3](#jah31259-fig-0003){ref-type="fig"}, Table S1). Other countries with substantial TFA‐associated CHD mortality included Canada, Pakistan, and the United States, each with \>475 TFA‐attributable CHD deaths per year per 1 million adults. In these countries, excess TFA accounted for \>17% of corresponding national CHD mortality (Figure [6](#jah31259-fig-0006){ref-type="fig"}). In comparison, 33 of 186 countries had proportional TFA‐attributable mortality \<3%.

![Global proportional CHD mortality attributable to higher TFA intake in 2010. The proportion of CHD mortality attributable to TFA was calculated by dividing the number of attributable CHD deaths by the total number of CHD deaths within each country. The color scale of each map indicates the proportional CHD mortality in 186 countries attributable to TFA. The optimal level is 0.5±0.05%E (percentage of total energy intake). CHD indicates coronary heart disease; TFA, trans fat.](JAH3-5-e002891-g006){#jah31259-fig-0006}

Temporal Trends {#jah31259-sec-0016}
---------------

From 1990 to 2010, global mean dietary intakes increased by 0.5%E for n‐6 PUFA and 0.1%E for TFA and decreased by 0.2%E for SFA, corresponding to relative changes of +8%, +11%, and −2% (Tables [3](#jah31259-tbl-0003){ref-type="table-wrap"} and [4](#jah31259-tbl-0004){ref-type="table-wrap"}).[7](#jah31259-bib-0007){ref-type="ref"} Consistent with these dietary changes, global proportional attributable CHD mortality between 1990 and 2010 decreased by 9% for insufficient n‐6 PUFA and 21% for higher SFA but increased by 4% for higher TFA.

Nearly all world regions experienced stable or declining trends in proportional n‐6 PUFA-- and SFA‐attributable CHD mortality over this time period, except for Oceania, which experienced a 5% increase (Figures [1](#jah31259-fig-0001){ref-type="fig"} and [7](#jah31259-fig-0007){ref-type="fig"}). For insufficient n‐6 PUFA, Eastern Europe, East Asia, and the Caribbean experienced the most substantial declines in proportional attributable CHD mortality (−26%, −24%, −18%). Conversely, many world regions experienced increases in proportional TFA‐attributable CHD mortality, largest in Asia (+12.5%\~33.8%) (Figure [2](#jah31259-fig-0002){ref-type="fig"}), Central America (+36.3%), and the Caribbean (+30.7%). In contrast to these developing regions, Western Europe experienced large declines in proportional TFA‐attributable CHD mortality (−14.7%).

![Regional CHD mortality attributable to higher SFA intake in 1990 and 2010. The *y*‐axis represents the CHD deaths per 1 million adults (on the left) or the proportion of CHD deaths (on the right) attributable to higher SFA intake. The *x*‐axis includes the world estimates as well as the estimates of the 21 regions. Red triangles indicate estimates in 1990, whereas blue circles indicate estimates in 2010. The error bars represent the 95% uncertainty level of each estimate. CHD indicates coronary heart disease; SFA, saturated fat.](JAH3-5-e002891-g007){#jah31259-fig-0007}

Nation‐specific trends in CHD mortality attributable to different dietary fats from 1990 to 2010 are shown in Tables S1 and S2. Among the 20 most populous nations, the United States, Germany, and Thailand experienced decreases and Bangladesh experienced an increase in age‐standardized CHD mortality per 1 million population that was attributable to all dietary fats (Figure [5](#jah31259-fig-0005){ref-type="fig"}).

Discussion {#jah31259-sec-0017}
==========

Our new findings, based on best available data on dietary fat consumption; diet‐disease etiologic effects; and country‐, age‐, and sex‐specific CHD mortality, provide estimates of global, regional, and national burdens of CHD mortality attributable to nonoptimal n‐6 PUFA, SFA, and TFA. In 2010, an estimated 711 800, 250 900, and 537 200 CHD deaths worldwide were attributable to nonoptimal n‐6 PUFA, SFA, and TFA, respectively, corresponding to 10.3%, 3.6%, and 7.7% of global CHD mortality. Important heterogeneity was identified across world regions and nations. In addition, between 1990 and 2010, estimated proportional CHD mortality for nonoptimal n‐6 PUFA and SFA decreased by 9% and 21%, respectively, whereas for TFA, it increased 4%. These global trends represented averages of important regional and national differences, such as increases in n‐6 PUFA‐attributable CHD mortality in Oceania but decreases in most other regions and increases in TFA‐attributable CHD mortality in low‐ and middle‐income countries but decreases in Western Europe.

Growing evidence indicates that lowering SFA provides convincing cardiovascular benefits only when replaced by PUFA, whereas cardiovascular benefits of n‐6 PUFA are similar whether replacing SFA or total carbohydrates.[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"}, [10](#jah31259-bib-0010){ref-type="ref"} Our analysis provides, for the first time, a rigorous comparison of global CHD burdens attributable to insufficient n‐6 PUFA versus higher SFA. In 80% of nations, n‐6 PUFA--attributable CHD burdens were at least 2‐fold higher than SFA‐attributable burdens. This suggests that focus on increasing healthful n‐6--rich vegetable oils may provide important public health benefits. In countries such as Ethiopia and Pakistan, n‐6 PUFA--attributable CHD mortality was \>15 times that attributable to SFA, suggesting needs to prioritize increases in n‐6 PUFA--rich vegetable oils rather than decreased SFA in these countries. In tropical oil--producing nations in Southeast Asia and Oceania, SFA‐ and n‐6 PUFA--attributable CHD burdens were more similar, consistent with very high consumption of SFA from tropical oils, especially palm oil.

Current evidence on benefits of exchanging SFA with PUFA derives mainly from studies replacing animal fats, especially meats and butter, with soybean and other vegetable oils.[4](#jah31259-bib-0004){ref-type="ref"}, [5](#jah31259-bib-0005){ref-type="ref"}, [26](#jah31259-bib-0026){ref-type="ref"} Cardiovascular effects of SFA from different food sources, or perhaps more relevantly the net cardiovascular effects of different SFA‐rich foods, may differ widely.[26](#jah31259-bib-0026){ref-type="ref"}, [27](#jah31259-bib-0027){ref-type="ref"} Health effects of tropical oils, for example, may be influenced by triglyceride regioisomerism[28](#jah31259-bib-0028){ref-type="ref"} or benefits of trace phytochemicals.[29](#jah31259-bib-0029){ref-type="ref"} This remains speculative, and long‐term studies are required to evaluate the health effects of tropical oils. Our results should be considered the best currently available estimates of CHD burdens attributable to average SFA consumption from animal fats, especially meats and butter, when replaced fully with PUFA. Caution should be exercised when interpreting our estimated SFA‐attributable burdens in nations having meaningful SFA intake from other sources, such as cheese, yogurt, or tropical oils. If cardiovascular effects of total SFA are similar for animal fats versus tropical oils, then the identified SFA‐related CHD mortality calls for stronger policy efforts to replace tropical oils with PUFA‐rich vegetable oils in Southeast Asia and Oceania. Current efforts mainly rely on nutrition labeling to reduce SFA, but that may have small effects[30](#jah31259-bib-0030){ref-type="ref"} resulting from low public awareness, confusion or misinterpretation of the label, and low access to n‐6--rich alternatives.

In sensitivity analysis, SFA‐attributable burdens would be larger if replacement with either PUFA or MUFA would provide benefits. Using MUFA would also provide a wider, more feasible range of fat/oil alternatives. Unfortunately, evidence for the cardiovascular benefits of total MUFA remains uncertain.[4](#jah31259-bib-0004){ref-type="ref"}, [10](#jah31259-bib-0010){ref-type="ref"} Based on limited numbers of trials, MUFA from nuts and extra virgin olive oil appears likely to provide cardiometabolic benefits[31](#jah31259-bib-0031){ref-type="ref"}, [32](#jah31259-bib-0032){ref-type="ref"}; however, these represent minor global sources of MUFA and emphasize the need for more research on long‐term health effects of other common sources.

We evaluated 2 potentially optimal levels of SFA: 10%E and 7%E. In 2010, 75 of 186 countries had already achieved the 10%E level, whereas only 18 had achieved 7%E. The latter, however, tended to be poor countries with higher levels of hunger and malnutrition; diets rich in inexpensive, starchy staples; and diets lower in more diverse, healthful foods.[12](#jah31259-bib-0012){ref-type="ref"} In these nations, very low SFA consumption is often paired with high consumption of refined grains or starches, which may be more harmful than SFA.[4](#jah31259-bib-0004){ref-type="ref"}, [5](#jah31259-bib-0005){ref-type="ref"} This highlights the need for caution and monitoring of actual nutrient replacements if SFA is targeted in any given country.

Even at low intake levels, TFA‐attributable mortality remains high globally. This is consistent with unique adverse effects of industrially produced TFA on both lipid and nonlipid pathways.[3](#jah31259-bib-0003){ref-type="ref"} We found that between 1990 and 2010, TFA‐attributable CHD mortality decreased in many high‐income countries, consistent with ongoing policy strategies to reduce industrial TFA.[33](#jah31259-bib-0033){ref-type="ref"}, [34](#jah31259-bib-0034){ref-type="ref"} Nevertheless, we estimated remaining TFA consumption to cause \>15% of CHD deaths in countries such as the United States and Canada, exceeding CHD mortality attributable to SFA. Given ongoing industry reformulations and absence of reliable national TFA consumption data, these findings should be interpreted cautiously and updated as more data become available. National reformulations suggest that TFA reduction is slowing in the United States,[35](#jah31259-bib-0035){ref-type="ref"} indicating a need for continued surveillance and strong policy efforts.

In contrast to Western nations, we found increased TFA‐attributable burdens in many middle‐ and low‐income countries between 1990 and 2010 (eg, Egypt, Pakistan, Mexico). In these countries, exposure to TFA likely derives not only from industrially packaged foods but also from widespread use of inexpensive partially hydrogenated cooking fats in homes, in small restaurants, and by street‐food vendors. These diverse sources represent a challenge to reducing TFA in developing nations and suggest a need for coordinated national policies including mandatory labeling, direct restrictions, and government‐promoted industry self‐regulation.[36](#jah31259-bib-0036){ref-type="ref"}, [37](#jah31259-bib-0037){ref-type="ref"}

Validity of our estimates is influenced by the validity of the etiologic effects. For n‐6 PUFA and industrial TFA, estimated etiologic effects are similar whether considering predicted effects based on established changes in metabolic risk factors from randomized trials, observed relationships with clinical events in prospective cohorts, or (for PUFA) pooled effects on events in meta‐analysis of clinical trials.[4](#jah31259-bib-0004){ref-type="ref"}, [6](#jah31259-bib-0006){ref-type="ref"}, [20](#jah31259-bib-0020){ref-type="ref"} For SFA replacing PUFA, evidence is similar, although, as noted earlier, such effects appear to vary depending on the food source, making estimated SFA‐attributable burdens more uncertain in nations (and persons) with diverse food sources of SFA. The dietary fats investigated in this study are also 1 component of overall dietary quality. Other cardiometabolic risks, such as other dietary factors, physical activity, smoking, medication, and obesity, influence CHD and contribute to total burdens. Our findings represent estimates of independent contributions of these dietary fats to CHD mortality worldwide, reflecting the average population effect within each age, sex, and country stratum, not the burden for any individual patient. Nevertheless, benefits from other dietary components, such as dietary fiber, plant‐based proteins, and other phytochemicals derived from fruits, vegetables, whole grains, nuts, and legumes, while limiting added sugars and salt, also deserve attention.

Our investigation has several strengths. We used the most valid available global data on dietary consumption based on systematic searches and extensive direct contacts for nationally representative individual‐level dietary surveys, complemented by national food availability and industry data. We evaluated and used evidence on heterogeneity of diet--disease relationships, in particular, by age. Underlying death rates across countries were systematically corrected for differences in data availability and national coding patterns. We incorporated and accounted for sources of uncertainty, including uncertainty in the dietary data and diet--disease etiologic effects. We did not perform ecologic (correlative) analyses of dietary fats and CHD, which could be strongly biased by cross‐national confounders and ecologic fallacy, but rather used comparative risk assessment based on external published evidence on etiologic effects on clinical CHD events.

Potential limitations should be considered. Due to less available data, our estimates were more uncertain in some regions, inflating uncertainty of estimated disease burdens. Few national surveys assessed TFA, which we evaluated based on available dietary surveys, blood TFA levels, and industry sales data on partially hydrogenated oils and packaged foods. These findings highlight the need for expanded surveillance of TFA in both developed and developing countries to help inform public policy. Our TFA‐attributable burdens are based on average effects of TFA from partially hydrogenated oils, and certain isomers (eg, 18:2 isomers) may have more harmful effects. Most cohorts included in meta‐analyses of diet--disease relationships did not correct for dietary variation over time, resulting in underestimation of true etiologic effects and attributable mortality. Except for age, modification effects of other cardiometabolic risk factors were not identified; such effects can be incorporated in future analyses if such evidence emerges. We evaluated CHD mortality, and attributable burdens owing to nonfatal CHD events would be higher.

In conclusion, we estimated that insufficient n‐6 PUFA, excess TFA, and, to a lesser extent, excess SFA are leading to significant CHD mortality globally. These findings will help inform global, regional, and national policy priorities and public health programs to reduce burdens of chronic disease.
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